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HYPERSONIC AERODYNAMICS AND 
ENTRY-MANEUVER— AEROTHERMODYNAMIC INTERACTIONS 
FOR TWO LIFTING ENTRY VEHICLES 

By James P. Arrington and William C. Woods 
Langley Research Center 

SUMMARY 

The longitudinal, directional, and lateral static stability and control characteristics 
of two classes of lifting entry vehicles originally proposed for a reusable space -shuttle 
orbiter - a delta lifting body and a delta -wing body - have been obtained at a Mach num- 
ber of 20 in helium for operational Reynolds numbers over an angle -of -attack range of 
-4° to 55°. The aerodynamic characteristics of the delta-wing body were then evaluated 
in an entry -analysis study to examine the effects of vehicle performance on the aerother- 
modynamic parameters associated with constant and variable angle -of -attack modes for 
a 1500-n.-mi. cross range. 

The experimental results showed that the vehicles were stable, except for neutral 
directional stability for the delta -wing body, and could be trimmed over the operational 
angle -of -attack range; however, the wing-body vehicle had adverse yaw due to roll con- 
trol. This roll -yaw coupling was not examined for the lifting body. 

The trajectory analysis showed that a 17 -percent decrease in performance required 
little change in the maneuvers for the constant angle -of -attack entry mode and, in turn, 
resulted in only a small decrease in total heat load. For the pitch-modulated entry, the 
decrease in performance required the pitch maneuver to begin earlier during entry and 
to last longer in order to meet the 1500-n.-mi. cross range without a major heating 
penalty. The reduction in performance also had little effect on the maximum laminar 
radiation equilibrium temperature over a major portion of the lower surface of the wing- 
body vehicle regardless of the entry mode. 

INTRODUCTION 

Past studies have been directed toward evaluating candidate space -shuttle concepts 
for a reusable transportation system capable of transferring large payloads to and from 
earth orbit. (See, for example, refs. 1, 2, and 3.) Preliminary trajectory analyses 
(ref. 4, for example) indicate that, in order to survive the thermal environment and to 
meet shuttle cross -range requirements, these vehicles must be capable of trimming at 
high angles of attack near maximum lift coefficients and at low angles of attack near 
maximum lift-drag ratios. In the present study, hypersonic wind-tunnel tests were con- 



ducted on two early shuttle candidates — a delta planform lifting body and a delta-wing 
body — to determine if these two vehicle classes could meet these trim requirements 
with realistic center -of -gravity positions. 

The static aerodynamic characteristics of these two classes of vehicles were 
experimentally evaluated at Mach numbers near 20 for operational Reynolds numbers. 
The data were obtained in the Langley 22-inch helium tunnel at angles of attack from -49 
to 55° for sideslip angles of 0° and 4.5°. A portion of the wii^ -body -vehicle experi- 
mental characteristics and some calculated aerodynamics were applied to entry trajec- 
tories to evaluate the effect of performance on the entry maneuvers and the aerothermo- 
dynamic parameters associated with constant and variable angle -of -attack entry modes. 
Portions of this work were used for the aerodynamic inputs for the trajectory and heatirg 
analysis presented in reference 4. 

Owing to the dynamic nature of the shuttle program, the external lines of candidate 
configurations have not remained fixed for any appreciable time period. The shuttle 
does have a high cross -range requirement and must survive the associated thermal 
environment; consequently, aerodynamic performance requirements have not charged 
appreciably. The present configurations, though no longer shuttle candidates, were 
designed to have these requirements; therefore, this analysis of aerothermodynamic 
interactions is representative of that associated with present shuttle concepts. 

SYMBOLS 


The longitudinal data are referred to both the body and stability 

^Cl,Cj 3 ^ axis systems. Lateral and directional data are referred to the body axis sys- 
tem (fig. 1). 


The units used for the physical quantities of this paper are given both in the 
International System of Units (SI) and in the U.S. Customary Units. Measurements and 
calculations were made in U.S. Customary Units. 


Ca 

Cd 


cb 


axial-force coefficient. Total axial force 

qS 

Cb at ^ = 0° 

drag coefficient, C^ cos a + Cj;j sin a 
lift coefficient, C]^ cos a - C^ sin a 


Ct maximum lift coefficient 

l_i jIIlclX 
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rolUng-moment coefficient, RoUing moment 

qSZ 

rate of change of rolling-moment coefficient with sideslip angle, 
per degree 


ACi 



Cm 

Cn 

Cn 


Cn^ 


rate of change of rolling-moment coefficient with aileron deflection angle, 
AC; 

— i, per degree 


pitching -moment coefficient, 
normal-force coefficient. 


Pitching moment 

qS 

Normal force 


qS 


yawing-moment coefficient, Yawingmomen i 

rate of change of yawing -moment coefficient with sideslip angle, 
per degree 


A/3 ’ 


^^6a 


Cy 


h 


rate of change of yawing-moment coefficient with aileron deflection angle, 
ACn 

, per degree 

A6a 


side -force coefficient. 


Side force 
qS 


ACy 

rate of change of side -force coefficient with sideslip angle, , per degree 


rate of change of side -force coefficient with aileron deflection angle, 
ACy 

=-, per degree 

A6a 


altitude 


L/D lift -drag ratio, Cl/Cj) 


I body reference length 


M Mach number 


Q total heat load 

q dynamic pressure 
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q heating rate 

R Reynolds number based on body length 

r radius 

5 reference planform area 

Te maximum -radiation equilibrium temperature 

t time 

V velocity 

W weight 

X longitudinal coordinate measured from model nose (see fig. 2(a)) 

y lateral coordinate measured from model center line (see fig. 2(a)) 

a angle of attack, deg 

j3 sideslip angle, deg 

entry angle, deg 

6 aileron -deflection angle, ■ deg 

3 - 2 

6^ body -flap deflection angle, positive down, deg 

dg Inft rid'ht 

6g elevon-deflection angle, positive when deflected down, — 2 2 —^ — , deg 

2 

0 tip -fin roll-out angle, deg 

^ bank angle measured about velocity vector, deg 

0g initial bank angle at entry 

<p^ final bank angle after pull-out 


4 



MODELS 


The wing -body configuration was a 0.0036 -scale version of the Martin Marietta 
Corporation entry vehicle examined in the integral launch and reentry vehicle (ILRV) 
study presented in reference 1. It had a double delta planform with a body leading-edge 
sweep of 82^ and a wing leadii^-edge sweep of 67.5®. The nose was canted up at 6.7®, 
and the lower afterbody had a 10® boattail which extended out to the wing tips. The ele- 
vens and body flap were considered to be at zero deflection when positioned up at this 
10® angle. (See fig. 2(a).) The tip fins were toed in 5® and were rolled out 13.5®, 15®, 
and 20^. The moments, taken about a point at 65,9 percent of the body length, used the 
body length (0.186 m, or 7.32 in.) as a reference. The reference area, 0.0092 m2 
(14.26 in2)j was the planform area of the body and wings without the tip fins. 

A body fin was also evaluated for its effects on lateral and directional stability. 

The fin planform shape was similar to a wing -tip fin as shown in figure 2(b). Several 
body and wing cross sections are presented in figure 2(c). 

The lifting-body configuration (fig. 3) was a 0.006 -scale model of the Lockheed 
Missiles & Space Company ILRV entry vehicle designated LMSC 8MX in reference 2. 

The vehicle had a delta-body planform shape with a leading-edge sweep of 77.8®, nose 
canted up at 6®, and a 5^ lower afterbody boattail. Relatively large elevens were used 
for longitudinal stability and control, and tip fins, toed in 5® and rolled out 30®, were 
used for lateral and directional stability. The moments, taken about a point at 72 per- 
cent of the reference length, used the length from the virtual origin of the delta planform 
to the elevon hinge line as the reference (0.150 m, or 5.9 in.). The reference area, 

0,0049 m2 (7.60 in2), was the triangular area determined by the leading -edge sweep angle 
and the body reference length (z2 cot 77. 8^). 

APPARATUS AND TESTS 
Wind Tunnel 

The experimental investigations were conducted in the Langley 22 -inch helium 
tunnel. Operational characteristics of the facility and details of the contoured nozzle 
flow calibrations are available in reference 5. 

Tests 

All models were mounted on a sting -supported six-component strain-gage balance. 
Because of the limitation of the angle -of -attack mechanism, two sets of stings were 
required to cover the complete angle range. These stings and the test results using them 
are discussed in the appendix. 
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Ill 


The angles of attack were set by using a prism mounted in the model to reflect 
light from a point (adjacent to the test-section window) onto a calibrated scale. Addi- 
tional features of the system can be found in reference 5. Sideslip angles were obtained 
by changing the angle of attack of the model with the sting yawed at fixed angles of 0° 
and 4 . 50 . For the high angle -of -attack sideslip tests, the sting always came straight out 
of the model base. 

The test Reynolds numbers based on model reference lei^hs were 1.28 x 10® at 
M = 19 for the lifting body and 1.5 x 10® at M = 19 and 2.9 x 10® at M = 20.6 for the 
wing body. The Reynolds number range resulted from changes in the stagnation pressure 
which also caused the small Mach number variation. In figure 4 the range of Mach num- 
bers and Reynolds numbers that can be obtained in the facility is superimposed over 
Mach number — Reynolds number envelopes generated by shuttle (ILRV) candidates flying 
proposed entry trajectories (see, for example, refs. 1, 2, and 3). 

The estimated maximum errors in the measured basic data and in the test condi- 
tions are shown for the two configurations in the following table: 



Lifting body 

Wing body 

Cn 

±0.023 

±0.007 

Ca 

±0.006 

±0.002 

Cm 

±0.003 

±0.0008 

q 

±0.001 

±0.0003 

Cn 

±0.001 

±0.0003 

Cy 

±0.008 

±0.002 

a, deg 

±0.1 

±0.1 

deg 

±0.1 

±0.1 

®a’®b’®6’ 

±0.05 

±0.05 

M 

±0.2 

±0.2 


Uncertainties in the aerodynamic coefficients and the test parameters were determined 
from a static calibration of the balance, readout errors, and test-section Mach number 
calibrations. Base pressures were measured at one location on the sting throughout the 
low angle -of -attack range (0® to 20°), and the balance axial forces were adjusted to a 
condition in which free-stream pressure acted over the model base areas (minus the 
balance cross-sectional area). 
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RESULTS AND DISCUSSION 


Aerodynamic Characteristics 

Wing body .- Tests were conducted at two Reynolds numbers, 1.5 x 10® and 2.9 x 10®, 
which bound the range expected for space -shuttle vehicles at Mach numbers near 20 
(fig. 4). The test at the higher Reynolds number had a lower skin -friction coefficient 
which resulted in a lower axial -force coefficient as shown in figure 5. The relatively 
small effects of this Reynolds number range on the other components are also indicated. 

The effect of elevon deflections on the longitudinal aerodynamic characteristics of 
the wing -body configuration is presented in figures 6 to 8 for three tip -fin roll-out angles, 
13.5°, 15°, and 20°. The data show that the vehicle could be trimmed with stable static 
stability from the (L/D)jnax of attack near 16° up to the preliminary design entry 

angle of 45° with only about a 20° elevon change. Rolling the fins out from 13.5° to 20° 
reduced the required elevon deflection into the flow by 5° in order to trim near (L/D)jj^ax* 
The deflection could be further reduced by using a body flap in conjunction with the ele- 
vens as indicated by the comparison made with and without a body flap in figure 9. 

A body fin was attached to the configuration with 6 = 13.5° and 69 = 20° (fig. 2(b)) 
in order to evaluate the hs^personic effects for this possible subsonic requirement. The 
data in figures 10 and 11 show that the fin affected only the aerodynamic characteristics 
for angles of attack less than 10 °, which is below the hypersonic operational attitude range 
of the vehicle. 

Directional and lateral static stability characteristics of the wing -body configura- 
tion are presented in figure 11 for control deflections required to trim at both the high 
and low angles of attack. The vehicle with 9 = 13.5° possessed lateral static stability 
over the test angle -of -attack range but had essentially neutral static directional stability. 
Increasing the tip-fin roll-out angle improved the directional stability as shown in fig- 
ure 12. The data also show that elevon deflections had small effects on the lateral and 
directional characteristics. 

The vehicle with 9 = 13.5° was evaluated for roll control by differentially deflect- 
ing the elevens ( 6 ^ = 15°) about a 5° elevon deflection for trim at the higher angles of 
attack (fig. 13). The results in figure 14 show that this configuration developed adverse 
yaw due to roll control. Although directional stability and yaw due to roll control are two 
separate and distinct parameters, these quantities are tied together when considering 
vehicle control and handling qualities. Inherent static directional stability, if it exists, 
tends to counteract adverse yaw due to roll control. High angle -of -attack neutral static 
directional stability, however, in the presence of these adverse control effects, could lead 
to control and handling problems during entry. 
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Lifting body.- The longitudinal aerodynamic characteristics of the lifting body are 
presented in figures 15, 16, and 17 in relation to configuration buildup, elevon deflections, 
and tip-fin roll-out angles, respectively. The pitch data show that the vehicle was stable, 
trimmed, and very sensitive to elevon deflection (approximately 2.6° trim angle per 
degree of elevon deflection). Changing the tip -fin roll-out angle from 20° to 30° had little 
effect on the longitudinal aerodynamics (see fig. 17). 

Directional and lateral stability characteristics are presented in figures 18, 19, 
and 20 as a function of configuration buildup, high and low trim angles, and tip -fin roll- 
out angles, respectively. The vehicle with 6 = 30° possessed lateral stability above 
o! = 2° and directional stability above a = 6° with a negligible effect due to elevon 
deflection. A slight decrease in stability is observed for the 6 = 20° tip fin. 

Entry -Maneuver — Aerothermodynamic Interactions 

The entry trajectory parameters were calculated for a standard point mass with 
six degrees of freedom and a spherical nonrotating earth. Atmospheric cross rai^e was 
achieved by constant -altitude trajectories with variations in the bank angle and angle of 
attack. The bank -angle variations consisted of a fixed angle from entry to pull-out, 

(pQ = 45°, modulation to maintain the constant altitude, a constant angle after the constant 
altitude hold, = 45°, and a zero angle once the final heading ar^le had been reached. 
Some typical altitude -velocity curves are shown in figure 21 for constant angle of attack 
and pitch-modulated entry modes. The bank-angle maneuvers are indicated for the 
constant angle -of -attack case. 

The aerodynamic characteristics required for these entries were obtained over a 
Mach number range by extrapolatii^ the experimental trim data for the wing -body con- 
figuration over an angle -of -attack range from 15° to 45°. The data were assumed to vary 
linearly with Mach number for each a from M = 22 to M = 6 (unpublished data), as 
shown in figure 22(a). The hypersonic aerodynamic predictions for this same vehicle 
neglecting viscous effects (presented in ref. 1) were used for the theoretical M = 20 
aerodynamics, and they were also extrapolated to M = 6 in a similar manner (fig. 22(b)). 

As suggested in reference 1, the pitch maneuver for the vehicle with a theoretical 
(L/D)jjjax of 2.4 at M = 20 was initiated at M = 20 and continued down to M = 8 
(see fig. 23) in order to obtain a cross range of 1500 n. mi. Also shown for comparison 
is a constant angle -of -attack {a = 31°) entry which generates the same cross range. The 
maximum decelerations associated with these maneuvers for both modes were approxi- 
mately 1.6g. 

The stagnation heatir^ rates and the lower-surface maximum -radiation equilibrium 
temperature (ref. 4) for the theoretical (L/D)jnax = 2.4 vehicle operating in the two 
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entry modes are shown in figures 24 and 25. Compared with the constant a = 31° case, 
the pitch -modulated mode resulted in lower stagnation heating rates, lower total heat 
load, and equivalent soak times. Although the stagnation heating rates were lower for the 
pitch -modulated case, the maximum -radiation equilibrium temperatures over the lower 
surface were slightly higher. These temperatures were higher because the maximum - 
stagnation heating rate for the pitching mode occurred at a higher angle of attack (45°) 
with higher values of the ratio of local q to stagnation q and, consequently, higher 
local heating rates were obtained compared with the constant a = 31° case. The entry 
angles indicated in figure 24 were chosen to equalize the pair of peak stagnation 
heating rates for each mode. 

The stagnation heating-rate histories (ref. 4) are compared in figure 26 for a lower- 
performance ^ (L/D)max = 2 based on experimental dataj vehicle operating at a constant 
angle of attack and with a pitch-modulated entry mode. For the fixed -attitude case, the 
angle of attack {a = 29.6°) was that required to generate 1500 n. mi. For one pitch- 
modulated case, the modulation from a = 45° began at M = 20 as before but continued 
down to Q! = 15° at M = 16 rather rapidly in order to obtain the desired cross range. 
The resulting rapid decrease in lift coefficient caused a steep plunge with corresponding 
increases in the maximum stagnation heating rate of more than 60 percent compared with 
the fixed -attitude mode (fig. 26(a)). The total heat load and the soak time, however, were 
still greater for the fixed -attitude case. 

By initiating the pitch modulation earlier than at M = 20 during entry, the cross - 
range objective can be reached by modulating the pitch over a longer time period with a 
decrease in the maximum heating rate. An example of the reduction in q is shown in 
figure 26(b) for a pitch modulation from 45° at M = 24 down to 15° at M = 12. Com- 
pared with the pitch modulation from M = 20 to M = 16 and the a. = 29.6° cases, the 
total heat load is less with about the same soak time. The entry maneuvers and Mach 
number variations associated with these entry modes are shown in figure 27 for compari- 
son. The maximum decelerations for these maneuvers were the same as before, 1.6g. 

The lowest values of the maximum -radiation equilibrium temperatures over the 
lower surface of the delta -wing-body orbiter with an (L/D)niax = 2 at M = 20 are com- 
pared in figure 28 for the different entry modes. A nose radius of 0.53 meter (1.75 ft) 
and an emissivity of 0.8 were assumed for the full-scale vehicle. Although the maximum 
stagnation heating rate was much greater when pitching from M = 20 to M = 16, the 
peak occurred at a low angle of attack (20°) where the local heating rate was relatively 
low. As a result, differences in the maximum -radiation equilibrium temperatures over 
a major portion of the lower surface for the different modes were judged to be small and 
in agreement with the values for the higher-performance case. 
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CONCLUDING REMARIffl 


The static longitudinal, directional, and lateral stability and control characteristics 
of two classes of lifting entry vehicles — a delta lifting body and a delta -wir^ body — 
have been obtained at a Mach number of 20 in helium for operational Reynolds numbers. 
The angles of attack varied from -49 to 55° at sideslip angles of 0° and 4.5°. The aero- 
dynamic characteristics of the wing -body orbiter were then evaluated in an entry -analysis 
study to examine the effects of vehicle performance on the aerothermodynamic parameters 
associated with constant and variable angle -of -attack modes for a 1500-n.-mi. cross 
range. 

The wind-tunnel results showed that the vehicles can be trimmed with longitudinal 
static stability from an angle of attack near that for maximum lift -drag ratio to an ai^le 
of attack near that for maximum lift coefficient. In the operational angle -of -attack rai^e, 
both vehicles had lateral stability, but the wing -body shape had neutral directional stabil- 
ity while the lifting body was directionally stable. Roll-control tests on the wing -body 
vehicle showed that it also had adverse yaw due to roll control. This roll -yaw coupling 
was not examined for the lifting body. 

The entry trajectory analysis showed that a decrease in maximum vehicle perfor- 
mance from a maximum lift -drag ratio of 2.4 to 2.0 (on the order of 17 percent) required 
little change in the entry maneuvers for the constant angle -of -attack mode to achieve a 
nominal cross range of 1500 n. mi., but a change was required for the pitch -modulated 
mode. For the constant ai^le -of -attack entry, the decrease in performance resulted in 
no change in the maximum -stagnation heating rate, a decrease in total heat load, and a 
negligible change in soak time. For the pitch -modulated entry, the decrease in perfor- 
mance required the pitch initiation to begin early at a Mach number of 24 and to continue 
over a longer time period to a Mach number of 12 in order to meet the 1500-n.-mi. cross 
range without a major heating penalty. A comparison of the maximum laminar radiation 
equilibrium temperature on the lower surface showed that the reduction in performance 
had little effect regardless of the entry mode. 

Langley Research Center, 

National Aeronautics and Space Administration, 

Hampton, Va., April 4, 1972. 
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APPENDIX 


STING-EFFECT STUDY ON THE STATIC LONGITUDINAL 
AERODYNAMIC CHARACTERISTICS 

Test Apparatus 

All models were mounted on a sting -supported six-component strain -gage balance. 
Because of the limitation of the angle -of -attack mechanism (±18°), two sets of stings were 
required to cover the angle -of -attack range from -4° to 55°. A straight sting extending 
from the model bases was used for angles from -4° to 18°, while for 18° Sag 55° the 
wing body was supported by a sting from the top of the model and the lifting body was sup - 
ported by a dog -leg sting (figs. 29 and 30). 

Longitudinal Aerodynamic Results 

Delt a-wing body .- A comparison of the longitudinal aerodynamic data for the two 
sting arrangements shown in figure 29 is presented in figure 31. The good agreement 
between the data for the two arrangements indicates there was negligible sting interfer- 
ence for the sting extending straight out of the base at the higher angles of attack. 

Delta l ifting body . - For the low angle -of -attack and the sideslip tests, the model 
was supported on a sting that extended straight back from the base (fig. 30(b)). For the 
high angle -of -attack tests at /3 = 0°, the model was mounted on the dog -leg sting 
(fig, 30(a)) and on a straight sting for one check run. 

A comparison of the longitudinal aerodynamic data using these different sting 
arrangements is presented in figure 32. Although the true hidden versus exposed sting 
comparison could not be made for this model, the results for the different sting arrange- 
ments indicate small differences. 
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Figure 3.- Lifting -body configuration. (All dimensions are given in terms of 
reference length, I - 0.150 m = 5.9 in.) 
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• Test points 



candidate (ILRV) shuttle orbiters during entry. 



a, deg 

Figure 5.- Reynolds number effects on the aerodynamic characteristics of the wing -body 

configuration with 6p = 20*^ and 6 = 13.5®. 














a, deg 

Figure 9.- Effect of body -flap deflection on the longitudinal aerodynamic 
characteristics of the wing -body configuration for 6g = 20° and 
e = 13.5° at M = 19 and R = 1.5 X 10^. 
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Figure 9.- Concluded. 
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a, deg 

Figure 14.- Rate of change in lateral -directional characteristics of the wing -body con- 
figuration due to aileron deflection (6^ = 15°) for M = 19 and R = 1.5 x 10®. 
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Figure 16.- Effect of longitudinal control on the longitudinal aerodynamic characteristics 
of the lifting-body configuration with 6 = 30° at M = 19 and R = 1.28 x 10®. 
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a, deg 


Figure 19.- Effect of longitudinal control on the lateral-directional characteristics of the lifting body 

with 0 = 30° at M = 19 and R= 1.28x10®. 























a, deg 


Figure 20.- Effect of tip-fin roll-out on the lateral -directional characteristics of 
the lifting body with 6^ off at M = 19 and R = 1.28 X 10®. 







a mode 



V 


Figure 21.- Entry -mode comparison of typical trajectories. 



'D^ trim 
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(a) Experimental. (b) Theoretical, 

Figure 22.- Extrapolated wing -body data used in entry trajectory analysis 








Bottoni’-surface portion at temperature above T^, percent 


Figure 25.- Maximum -radiation equilibrium temperature on the lower surface of a delta -wing -body orbiter with an 
(L/D)jnax = 2.4 at M = 20, W/S = 1.77 kN/m2 (37 psf), nose radius of 0.53 m (1.75 ft), and an emissivity of 
0.8. The cross range is 1500 n. mi. 


Mode 


Ye 5 

Q, J/cm^ 

Btu/ft2 

Time to 
M = 2,s 

Constant, Ci = 29.6° 

Pitching, M = 20 to 

Pitching, M = 24 to 

l6 

12 

-1.32 

-1.27 

-1.27 

127,698 

111,430 

109,907 

112,450 

98,124 

96,783 

2230 

2110 

2150 
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Figure 26.- Stagnation-heating-rate comparison of two variable -pitch entry modes with a constant a entry for a 
vehicle with an (L/D)max ~ ^ M = 20 and W/S = 1.77 kN/m^ (37 psf). The cross range is 1500 n. mi. 
and the heating is based on a 0.305-meter-radius (1-ft) sphere. 
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Figure 28.- Maximum -radiation equilibrium temperature on the lower surface of a delta -wing -body orbiter with an 
(L/D)qj^ = 2 at M = 20, W/S = 1.77 kN/m2 (37 psf), nose radius of 0.53 m (1.75 ft), and an emissivity of 0.8. 
The cross range is 1500 n. mi. 
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Figure 31.- Longitudinal aerodynamic characteristics for different model -sting 
arrangements of the wing -body configuration at M = 20.6 and R = 3 x 10® 
for 6p = -5® and 0 = 13.5°. 
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Figure 32.- Longitudinal aerodynamic characteristics for different model-sting 
arrangements of the lifting -body configuration with 6 = 30° at M = 19 
and R = 1.28 X 10®. 


58 





NATIONAL AERONAUTICS AND SPACE ADMISTRATION 
WASHINGTON. D.C. 20546 


OFFICIAL BUSINESS 

PENALTY FOR PRIVATE USE $300 


FIRST CLASS MAIL 


postage and fees paid 

NATIONAL AERONAUTICS AND 
SPACE ADMINISTRATION 



016 001 Cl U 31 720414 S00903DS 
DEPT OP THE AIR FORCE 
AF WEAPONS LAB (AFSC) 

TECH LIBRARY/HLOL/ 

ATTN: E LOU BOWHAN, CHIEF 
KIRTLAND AFB NM 87117 


POSTMASTER: 


If Undeliverable (Section 138 
Postal Manual } Do Not Return 


'The aeronautical and space activities of the United States shall be 
conducted so as to contribute to the expansion of human knowl- 
edge of phenomena in the atmosphere and space. The Administration 
shall provide for the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof,^' 

— National Aeronautics and Space Act of 1958 


NASA SaENTIFIC AND TECHNICAL PUBLICATIONS 


TECHNICAL REPORTS; Scientific and 

technical information considered important, 
complete, and a lasting contribution to existing 
knowledge. 

TECHNICAL NOTES: Information less broad 
in scope but nevertheless of importance as a 
contribution to existing knowledge. 

TECHNICAL MEMORANDUMS: 
Information receiving limited distribution 
because of preliminary data, security classifica- 
tion, or other reasons. 

CONTRACTOR REPORTS: Scientific and 
technicalJnformation generated under a NASA 
contract or grant and considered an important 
contribution to existing knowledge. 


TECHNICAL TRANSLATIONS: Information 
published in a foreign language considered 
to merit NASA distribution in English. 

SPECIAL PUBLICATIONS: Information 
derived from or of value to NASA activities. 
Publications include conference proceedings, 
monographs, data compilations, handbooks, 
sourcebooks, and special bibliographies. 

TECHNOLOGY UTILIZATION 
PUBLICATIONS: Information on technology 
used by NASA that may be of particular 
interest in commercial and other non-aerospace 
applications. Publications include Tech Briefs^ 
Technology Utilization Reports and 
Technology Surveys. 


Details on the availability of these publications may be obtained from: 

SCIENTIFIC AND TECHNICAL INFORMATION OFFICE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Watkinglon, D.C. 20546 




